Atypical teratoid/rhabdoid tumor (At/Rt) is a rare, highly malignant tumor of the central nervous system (CNS) most commonly found in children 1 . Its prognosis is dismal, with a historic median survival ranging from 6 to 11 months 2 . However, recent studies have shown a significant improvement in time to progression and survival for some patients who received surgical resections followed by high-dose chemotherapy and autologous stem cell rescue [2] [3] [4] . the pathogenesis of At/Rt is still unclear and it may be instructive to glean findings from malignant gliomas. It has been noted that At/Rt, like malignant gliomas, contains brain cancer stem cells (CSCs) 5 . CSCs play an important role in tumor initiation and are often resistant to conventional chemotherapy and radiation therapy 5, 6 . 
tumor growth by facilitating immunosuppression of the tumor microenvironment 9 . the presence of macrophages correlates with poor prognosis in a variety of malignancies 10 . Other infiltrating immune cells identified in glioblastomas include myeloid dendritic cells, plasmacytoid dendritic cells, natural killer (NK) cells and t-cells 11, 12 . t-cells specifically of the CD4+ subset have depressed function in the presence of glioblastomas, so do B-cells 13 . the infiltration of CD8+ cytotoxic t-cells may be more perivascular than intratumoral in glioblastomas 12 . Glioblastomas have also a lower CD4+/CD8+ ratio 11 . the degree of lymphocyte infiltration into gliomas has been found to correlate with patient survival 12, 14, 15 . the conventional treatment of glioblastomas, with concomitant temozolomide and radiation therapy, has shown immune modulation effects with a decrease in total CD4+ cells and effector CD8+ t-cells, which may contribute to some encouraging outcomes of this treatment 16 . We have recently identified a case of At/Rt (Case 1 in the present study, the table) that was found incidentally during the work-up for intracranial involvement of Henoch-Schonlein purpura (HSP). Henoch-Schonlein purpura is an immunemediated vasculitis, with some evidence of genetic susceptibility [17] [18] [19] . this association of At/Rt with HSP raises the question of whether the immune cell infiltrates might be more significant and influential to the progression of At/Rts. the present study examines the significance of infiltrating immune cells in At/Rts, compared to that in glioblastomas which are considered immunogenic tumors 20, 21 and where immune mechanisms and therapy have been extensively studied [6] [7] [8] [9] . At/Rt. She developed purplish rash on her legs and buttocks with a right swollen knee later in that period. Gait abnormality was also found in the form of poor balance and difficulty in standing. Physical examination 20 days before the surgery revealed palpable purpura over the lower extremities, grossly larger right knee, and inability to weight-bear on both her legs. Her immunizations were up-to-date. She was previously healthy with no prenatal or perinatal complications, but she did have some upper respiratory tract infection symptoms including cough and runny nose before this presentation. Her family history was non-contributory. She was diagnosed with HSP 17, 19 . Routine laboratory blood tests (not including immunology) showed no consistent abnormality before the surgery. Her ataxia became prominent, although she had no complaints of headache. Pre-operative MRI disclosed a heterogeneously t1-weighted iso-intense and t2-weighted hyper-intense mass (5.0 x 4.5 x 3.9 cm) with heterogeneous enhancement after the administration of gadolinium ( Figure 1 ). She underwent surgical resection of the mass. Histopathological and immunohistochemical studies of the tumor specimen resulted in the diagnosis of At/Rt 22 . After the surgical resection, the patient received two courses of high-dose chemotherapy (including carboplatin, and thiotepa) and stem cell rescue within nine months, along with posterior fossa radiation for a total dose of 5400 cGy, over seven weeks. Followup MRIs revealed no evidence of tumor recurrence for at least 12 months after the surgical resection.
MATERIALS AND METHODS

Patients and study design
Histopathology and immunohistochemistry
the surgical specimens were formalin-fixed, routinely processed, paraffin-embedded, sectioned at 5 mm, and stained with hematoxyline and eosin (H&E) and immunohistochemical methods. the H&E slides were examined for morphological features. Immunohistochemistry was performed on tissue sections using the EnVision™ FLEX Mini Kit, High pH (Autostainer/Autostainer Plus; Dako, Carpinteria, CA, USA) detection system after the tissue was deparaffinised and rehydrated according to the standard protocol. the following antibodies were used: CD4 (4B12, Vector), CD8 (C8/144B, Dako), CD68K (KP1, Dako), CD20 (L26, Ventana), CD45 (HCHL1, Dako), CD138 (CD138, Dako), CAM5.2 (CAM5. the morphological and immunohistochemical features of each case/slide were reviewed and assessed. the frequency of CD68+ macrophages/microglia, CD4+ cells, CD8+ t-cells was then assessed semi-quantitatively by scoring the percentage of immunoreactive cells per high-power microscopic field (original magnification x 400; 0.16 mm 2 ): 0 (for 0%), 1 (for 1~ 4%), 2 (for 5-16%), and 3 (for > 16%). Scoring was performed preferentially in the areas with the characteristic features of At/Rt or glioblastoma, and most of the microscopic slides have slightly more than 30 high-power microscopic fields that were available for assessment. Immunoreactive cells were defined as those with strong and diffuse immunoreactivity within the cytoplasm. Necrotic or non-tumor areas were excluded in this assessment. the scores of ten consecutive high-power microscopic fields were then summed. the values in the table represent the averages of three sums of the scores.
Statistical analysis
the Mann-Whitney test was used to assess the difference in scores between groups. two-tailed values of p < 0.05 were regarded as significant.
RESULTS
Atypical teratoid/rhabdoid tumors (AT/RT)
the table summarizes the clinical and radiological features of the four cases of At/Rt. All the patients were under the age of 34 months at time of surgical resections, and their tumors were located in the posterior fossa. As described above, At/Rt in Case 1 was found after HSP was diagnosed. the three other cases had no remarkable history or associated disorders. Pathological examination revealed typical morphological and immunohistochemical features of At/Rts (Figure 2, Figure 3 , and Figure  4A-D) . the tumors contained a mixed population of cells comprising variable numbers of rhabdoid cells (Figure 2A) , primitive-appearing small cells (Figure 2A-C) , focal epithelial ( Figure 2B ) and mesenchymal ( Figure 2C) features. Immunohistochemistry confirmed the At/Rts exhibited a broad spectrum of reactivity, including focal positivity for GFAP and synaptophysin, as well as patchy positivity for cytokeratin CAM5.2 ( Figure 2D ) and smooth muscle actin ( Figure 2E ). the MIB-1 labelling index of proliferation was moderately high. All four cases showed loss of the immunoreactivity for INI-1 in tumor cells, with preservation of the immunoreactivity in the blood vessel cells ( Figure 2F ).
Glioblastomas
the four cases of glioblastomas are also summarized in the table. the patients ranged in age from 52 years to 72 years, and their tumors were supratentorial in location. All the tumors showed the typical histopathological features of standard glioblastomas ( Figure 4E ) with no convincing features to warrant the diagnosis of a glioblastoma variant.
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Figure 2: Representative pathological features of an atypical teratoid/rhabdoid tumor (Case 1, in the Table). The tumor shows (A) scattered rhabdoid cells with eosinophilic globular cytoplasmic inclusions, (B) focal epithelioid differentiation, (C) focal mesenchymal differentiation, patchy immunoreactivity for (D) CAM5.2 and (E) smooth muscle actin, and (F) loss of the immunoreactivity for IHI-1 in tumor cells (with its preservation in the blood vessel cells). Original magnifications: x 630 (A); x 400 (B-F).
Infiltration of immune cells
All At/Rts contained moderate infiltration of immune or chronic inflammatory cells (Figure 3 and Figure 4A -D) that were labelled by CD45 ( Figure 3B ). the infiltration of these cells was widespread and preferentially, but not exclusively, surrounding blood vessels. the infiltrating cells were predominantly macrophages/microglia and lymphocytes by morphology. CD68+ macrophages/microglia were scattered to focally abundant ( Figure 3C and 4B), so were CD4+ cells ( Figure 3D and 4C). CD8+ t-cells were scattered to focally frequent ( Figure  3E and 4D) . CD20+ B-cells were sparse (overall less than 1% of total cells; Figure 3F ). Variable numbers of eosinophils and plasmacytoid cells were identified in all four cases ( Figure 3G and Figure 4A ). the plasmacytoid cells were focally frequent ( Figure 3H ), and mostly negative for CD138 ( Figure 3I , arrowheads); CD138+ plasma cells were only occasionally seen ( Figure 3I ). Neutrophils were hardly found in the non-necrotic areas.
In comparison, glioblastomas also showed moderate infiltration of immune or chronic inflammatory cells ( Figure 4E -H) predominantly comprising CD68+ macrophages/ microglia ( Figure 4F ) and CD4+ cells ( Figure 4G ). there was no significant difference in the scores of CD68+ macrophages/ microglia (p = 0.11 by Mann-Whitney test) and CD4+ cells (p = 0.69 by Mann-Whitney test) between At/Rts ( Figure 4B and 4C, respectively) and glioblastomas ( Figure 4F and 4G, respectively). In these glioblastomas, however, CD8+ t-cells were occasionally seen ( Figure 4H ). the scores of CD8+ t-cells were significantly higher in AR/Rts ( Figure 4D Table) .
The tumor exhibits (A) moderate infiltration of immune/inflammatory cells which are (B) immunoreactive for CD45 and contain (C) focally frequent CD68+ macrophages/microglia, (D) CD4+ cells and (E) CD8+ T-cells, but (F) sparse CD20+ B-cells. (G, arrows) Eosinophils and (G, arrowheads) plasmacytoid cells are often seen. The plasmacytoid cells are (H) focally frequent, and (I, arrowheads) mostly negative for the plasma cell marker CD138. Original magnifications: x 400 (A-I).
to At/Rts, the glioblastomas contained sparse CD20+ cells. Unlike At/Rts, these glioblastomas were devoid of eosinophils and plasmacytoid cells.
DISCUSSION
the present study has demonstrated a case of At/Rt associated with the autoimmune disease HSP; we have subsequently found that this and other At/Rts patients have a significantly higher infiltration of CD8+ t-cells, and thus lower ratio of CD4+/CD8+ cells, compared with those in glioblastomas. We have also discovered the presence of eosinophils in At/Rts but not in glioblastomas. these findings are novel and suggest an immune microenvironment for the development and progression of At/Rts. the CNS has historically been considered an immuneprivileged organ where immune activity is significantly silenced 7, 23 . When CNS injury occurs, resident antigenpresenting cells of the CNS, microglia cells, undergo activation and upregulate both the major histocompatibility complex (MHC) and costimulatory molecules, and also contribute to the responses of CD4+ and CD8+ specific t-cells [23] [24] [25] . the infiltration of these immune cells has been well demonstrated in glioblastomas [8] [9] [10] [11] [12] , which is in agreement with our findings in glioblastomas. Although the histogenesis of At/Rts remains unknown, At/Rts and glioblastomas share some components and features such as GFAP-immunoreactive glial component and CD133-immunoreactive CSCs, as well as the common features of CNS malignant tumors including necrosis and high proliferation 22 . the overlap in histopathology and immunohistochemistry between these two malignant CNS tumors is in accord with our findings of the lack of difference in the infiltration of CD68+ macrophages/microglia and CD4+ cells. the reasons for using the standard (adult) glioblastomas as controls in our study are that adult glioblastomas are well described to have significant infiltration of immune cells, while pediatric glioblastomas (despite their age-matching with At/Rts) are infrequently studied and somewhat dis-similar to their adult counterparts in histopathology and molecular genetic profile 26 . Although the literature is more extensive with respect to adult glioblastoma inflammatory infiltrates, pediatric glioblastomas represent an important additional group in future studies.
We did find a few differences in the infiltration of immune cells between At/Rts and glioblastomas. Our major finding is that, compared with glioblastomas, At/Rts show a greater infiltration of CD8+ t-cells. this finding of lower CD8+ t-cell infiltration in glioblastomas is compatible with a recently published study 12 , although we did not examine perivascular Virchow-Robin spaces (partially due to their absence in most of our At/Rt cases). Growing evidence has suggested that CD8+ tcells contribute significantly to autoimmune response in the CNS 27 . CD8+ t-cells are diverse in functions. With their cytotoxic properties, CD8+ may initially infiltrate into tumors and attempt to eradicate tumor cells, but they may also have regulatory functions and initiate an autoimmune response possibly against tumor-associated antigens 27, 28 . the altered ratio of CD4+ to CD8+ cells in At/Rts is further in favour of an autoimmune response. the infiltration of eosinophils seems to be universal in At/Rts, but absent in glioblastomas. Although Case 1 At/Rt in this study may be expected to have the eosinophilic infiltrates because of associated HSP 29 , the finding of eosinophils in other At/Rt cases suggests that eosinophils play a role in response to At/Rt growth. Eosinophils are released from the bone marrow and recruited in response to tissue inflammation. they serve as a source of pro-inflammatory mediators including granuletHE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES Table) and a glioblastoma (Case 5,  
in the Table). Compared to the AT/RT which contains abundant immune/inflammatory cells including (A) scattered eosinophils and plasmacytoid cells, (B) focally frequent CD68+ macrophages/microglia, (C) CD4+ cells, and (D) CD8+ T-cells, (E) the glioblastoma showed similar infiltration of (F) CD68 + macrophages/microglia and (G) CD4+ cells, but (H) much less infiltration of CD8+ T-cells and (E) absence of eosinophils and plasmacytoid cells. Original magnifications: x 400 (A-H).
stored cationic proteins, cytokines, chemokines, and oxygen burst components, which mediate immune responses [30] [31] [32] . Once the eosinophils have selectively infiltrated into inflamed tissues, however, they become activated and release various toxic, harmful proteins including major basic protein, eosinophil cationic protein, eosinophil peroxidase, and eosinophil neurotoxin, which contribute to tissue damage 29, 32 . the role of eosinophils in At/Rts deserves further investigation, which may be dual as eosinophils can induce neurotoxicity to the adjacent brain tissue and/or apoptosis of tumor cells.
Although the present study shows no significant difference in the total number of CD4+ cells between At/Rts and glioblastomas, the proportion of subclasses of CD4+ cells infiltrating into At/Rts appears different. CD4+ cells consist at least of helper t-cells and plasmacytoid dendritic cells 33, 34 . Plasmacytoid cells identified by morphology in the present study are much more prominent in At/Rts than in glioblastomas. Given their immunohistochemical profile (negative for the markers of plasma cells and B-cells), most of them represent plasmacytoid dendritic cells in the present study. Plasmacytoid dendritic cells have multiple immunostimulatory functions particularly of producing type I interferons which promote NK and CD8+ t-cell cytotoxicity. they can induce expansion of antigen-specific memory CD8+ t-cells and helper t-cells specific for endogenous antigens 35 . therefore, the higher infiltration of plasmacytoid cells in At/Rts may correspond with the higher number of CD8+ t-cells.
It has been accepted that tumor cells express unique antigens which trigger immune responses and serve as targets for antitumor immunity [36] [37] [38] [39] . Genetic instability within malignant cells gives rise to aberrant proteins, such as the products of mutated or rearranged oncogenes, tumor suppressor genes, tumor differentiation genes or embryonic antigens. these aberrant proteins have the potential to be recognized as antigens by the host immune system 37, 38 . the immune response against tumor-associated antigens has been suggested to be mediated by synergistic CD4+ and CD8+ t-cells within the CNS. A hypothesis for this autoimmune process is that after CD8+ tcell-mediated lysis of tumor cells, inflammatory antigenpresenting cells, including macrophages and dendritic cells, phagocytize the tumor debris and subsequently present processed tumor antigens to CD4+ and CD8+ t-cells 36, 39 . In At/Rts, raised infiltration of CD8+ t-cells and other immune cells in At/Rts may possibly be in response to some antigens specifically of mutated genes (for example INI-1 gene) and/or embryonic antigens. there are also other possibilities such as a pseudotumor (exogenous; for example, viral infection) antigen responsible for the antigen-specific immune response in At/Rts 27, 39 . A limitation of our histopathological study is the inability to confirm causation. the exact mechanisms of these immune cell infiltrates and prognostic significance in At/Rts require further studies. In our present study, three patients with At/Rt died between 4 and 13 months after their surgical resection; as described earlier, the At/Rt patient with associated HSP has been free of tumor recurrence postoperatively for at least 12 months.
CONCLUSION
Our findings of the immune cell infiltrates in AR/Rts have provided new insights into the immune microenvironment of this highly malignant brain tumor. A better understanding of this microenvironment that is conducive for the tumor development and progression is crucial for developing more specific treatments of At/Rts. In malignant gliomas, the immunotherapies using antibodies (passive immunotherapy) and developing vaccines (active immunotherapy) against brain CSCs have been promising 6 . Compared with malignant gliomas, At/Rts have the similar impaired cell-mediated immunity and even more immune effectors particularly of CD8+ t-cells and eosinophils. Our present study suggests the potential use of immunotherapy also in treating At/Rts.
